INTRODUCTION
Members of the genus Acinetobacter have been isolated from a wide range of habitats (Dijkshoorn & Nemec, 2008) , and some are important global nosocomial pathogens responsible for many hospital deaths (McConnell et al., 2013) . It is known that each Acinetobacter species may contain between three and seven rrn operons (Maslunka et al., 2006) , and this is important because one or more of the individual internal 16S-23S rRNA internal transcribed spacer region (ITS) copies can vary in its length and, hence, sequence between rrn operons. For example, Acinetobacter baylyi strains ADP1/B2 (Barbe et al., 2004; Carr et al., 2004) each contain ITS copies of two lengths, which are quite different to the two copies in A. baylyi strain 93A2 (Maslunka et al., 2008) . Chang et al. (2005) , using agarose gel electrophoresis of ITS PCR amplicons, identified a further seven species with variable length ITS copies. These were Acinetobacter haemolyticus BCRC14852 T , Acinetobacter johnsonii BCRC14853 T , Acinetobacter lwoffii BCRC14855 T , Acinetobacter bereziniae BCRC15423 T , Acinetobacter guillouiae BCRC15424 T , and Acinetobacter genomic species14TU (13BJ) LMG1235 and 14BJ CCUG34435 T .
Attempts to differentiate between clinically important Acinetobacter species have often targeted the ITS region, applying molecular techniques including oligonucleotide probes, PCR amplicon patterns and whole-ITS sequencing (Chang et al., 2005; Chen et al., 2007; Ko et al., 2008; Kuo et al., 2010; Lin et al., 2008; Su et al., 2009; Zarrilli et al., 2009) . However, the impact that multiple ITS copies within Acinetobacter genomes might have on such methods has only been explored with members of the Acb complex. Here, length and sequence differences in individual ITS copies in strains of Acinetobacter calcoaceticus, Acinetobacter nosocomialis and Acinetobacter pittii arose from the presence of Abbreviations: ITS, internal transcribed spacer region.
The GenBank/EMBL/DDBJ accession numbers for the ITS sequences of A. bereziniae ATCC17924 T are HE651711-HE651736 and HE651922, of A. bereziniae strain BENAB7 are HE651737 and HE651923, and of A. guillouiae ATCC11171 T are HE651738-HE651781 and HE651924. indels, genomic fragments probably acquired by horizontal transfer events involving other Acinetobacter species and, in some cases, members of unrelated bacterial genera (Maslunka et al., 2014) . With the exceptions of Acb members (Maslunka et al., 2014) and A. baylyi (Carr et al., 2004) , explanations for why ITS length/sequence variations might occur in Acinetobacter species have never been reported. Unlike the situation with Acb members (Maslunka et al., 2014) , Carr et al. (2004) proposed that the A. baylyi long and short ITS copies probably resulted from intra-genomic recombination events, without considering that indels might have been responsible.
A. baylyi, A. bereziniae (BG genomic species 10) and A. guillouiae (BG genomic species 11) are all opportunistic nosocomial pathogens (Chen et al., 2008; Kuo et al., 2010; Nemec et al., 2011) , and all contain multiple variable length ITS copies (Chang et al., 2005) . For each, ITStargeted oligonucleotide probes have been described, but were designed using the only ITS sequence (that of the shortest copy) then publicly available for each species (Lin et al., 2008) . Consequently, it was decided to extend the earlier study carried out with Acb and closely related Acinetobacter members (Maslunka et al., 2014) to attempt to determine the reasons for these reported ITS length variations, and to revisit the earlier work with A. baylyi (Carr et al., 2004) . Attempts were also made to establish whether having intra-genomic variable length ITS copies might compromise the validity of the currently available A. bereziniae and A. guillouiae ITS-targeted probes, as is the case with members of the Acb complex (Maslunka et al., 2014) .
METHODS
Strains. The A. bereziniae and A. guillouiae type strains sequenced here are referred to as A. bereziniae ATCC17924 T and A. guillouiae ATCC11171 T , while the same strains whose ITS were sequenced by Chang et al. (2005) were deposited as A. bereziniae BCRC15423 T and A. guillouiae BCRC15424 T , respectively. Both A. bereziniae ATCC17924 T and A. guillouiae ATCC11171 T were speciated originally by DNA-DNA hybridization (Bouvet & Grimont, 1986) . Strain BENAB7, originally isolated from activated sludge, was also included in this study as Beacham et al. (1990) speciated it tentatively as A. bereziniae using Biolog and other phenotypic methods. As both 16S rRNA (unpublished data) and ITS sequence data (see later) are consistent with BENAB7 being a member of A. bereziniae, this strain is referred to subsequently as A. bereziniae BENAB7. The A. baylyi strains used in this study were those detailed by Maslunka et al. (2008) .
DNA extraction. Cells of each strain were grown on R2A agar at 30 uC. Genomic DNA was extracted using an UltraClean soil DNA extraction kit (Mo Bio Laboratories) and stored in 10 mM Tris buffer at 220 uC.
Direct sequencing of ITS fragments. ITS regions were amplified by adding genomic DNA to reaction mixtures containing the 1512f (59-GTC GTA ACA AGG TAG CCG TA-39) and 6r (59-GGG TTY CCC CRT TCR GAA AT-39) bacterial universal primers as described by Carr et al. (2004) and Maslunka et al. (2008) . PCR generated ITS amplicons containing 16S and 23S rRNA flanks. Primer 1512f was used for sequencing of forward reads, while primer 6r was used for reverse reads. ITS amplicons were sequenced using an ABI DNA sequencer model 377a (Applied Biosystems) by the Australian Genome Research Facility (AGRF) (Brisbane, Australia).
Sequencing of ITS fragments by colony PCR. Ligation (pGem-T Easy vector kit) and transformation of ITS amplicons were carried out as described by Carr et al. (2004) . Cells were collected from 50 clones for each strain. M13f (59-CGC CAG GGT TTT CCC AGT CAC GAC-39) and M13r (59-TCA CAC AGG AAA CAG CTA TGA C-39) primers were used to amplify the ITS, with denaturation occurring at 95 uC for 30 s. PCR products were cleaned, checked for purity with 2 % agarose gels and prepared for sequencing as described above.
Sequencing of ITS fragments by band extraction and cloning.
ITS PCR amplicons were separated in 3 % agarose gels. A razor blade was used to recover individual bands manually. DNA in each band was purified using an UltraClean GelSpin kit and stored in 10 mM Tris buffer at 220 uC. Product purity was checked using the same PCR protocol as detailed above. Ligation, transformation, and extraction and storage of plasmids at 4 uC were carried out as described by Carr et al. (2004) . ITS amplification and sequencing were performed as above.
ITS sequence accession numbers. All ITS sequences generated in this study were deposited in the GenBank/EMBL/ DDBJ database (at EMBL-EBI, European Molecular Biology Laboratories, http://www. ebi.ac.uk/ena) with the following accession numbers: A. bereziniae ATCC17924 T , HE651711-HE651736 and HE651922; A. bereziniae strain BENAB7, HE651737 and HE651923; A. guillouiae ATCC11171 T , HE651738-HE651781 and HE651924.
In silico analysis of ITS sequences. Geneious Pro (version 4.0.4, www.geneious.com) bioinformatics software (Biomatters) was used to construct ITS sequence alignments, contigs and consensus sequences. Similarity matrices were constructed with MEGALIGN (DNASTAR software, version 7.1) using CLUSTAL W alignments. The ITS sequences from other Acinetobacter species, including A. bereziniae BCRC15423 T and A. guillouiae BCRC15424 T , were downloaded from GenBank (Chang et al., 2005) . Only a single ITS sequence is publicly available for most of these, including those with variable length ITS copies (Chang et al., 2005) . ITS consensus sequences for A. baylyi ADP1 (593 and 683 bp) and A. baylyi 93A2 (629 and 668 bp) were constructed based upon sequence data discussed in Maslunka et al. (2006 Maslunka et al. ( , 2008 . Unpublished ITS sequences of A. bereziniae LMG10600 (614 bp) and A. guillouiae LMG10603 (593 bp) were kindly provided by Professor T. C. Chang (National Cheng Kung University, Tainan, Taiwan). Whether either of these strains possessed ITS copies of more than one length was not communicated. Sequence searches were performed with the BLAST algorithm (Altschul et al., 1994) that is a component of the Geneious software.
RESULTS

Electrophoretic patterns of ITS amplicons
Genomic DNA was used as the PCR template to amplify the ITS of A. bereziniae ATCC17924 T and A. guillouiae ATCC11171 T . For each strain, the electrophoretic patterns generated concurred with those of Chang et al. (2005) (data not shown). Thus, A. guillouiae ATCC11171 T had three ITS amplicon bands of approximately 780, 800 and 850 bp including flanks, while A. bereziniae ATCC17924 T ITS amplicons gave two bands of approximately 780 and 820 bp including flanks. However, electrophoretic analysis of the A. bereziniae BENAB7 ITS amplicons under identical conditions produced only a single band of approximately 780 bp including flanks (data not shown).
Direct sequencing of PCR-amplified A. bereziniae BENAB7 ITS
Using Acinetobacter BENAB7 genomic DNA as a template for PCR generated a single ITS amplicon of approximately 780 bp suitable for direct sequencing. After the 16S and 23S rRNA gene flanks were removed, the resultant single ITS consensus sequence was 615 bp, and 99.8 and 99.3 % similar to the sequences of A. bereziniae BCRC15423 T (613 bp) and A. bereziniae LMG10600 (614 bp), respectively, which themselves are 99.5 % similar to each other. These results support the 16S rRNA data (not given here) that strain BENAB7 should be considered a member of A. bereziniae, despite possessing ITS copies of one length only.
Clone sequencing of A. bereziniae ATCC17924 T and A. guillouiae ATCC11171 T ITS
The ITS of A. bereziniae ATCC17924 T and A. guillouiae ATCC11171 T could not be directly sequenced, as electrophoretic patterns each contained multiple ITS amplicons of variable lengths. Consequently, two different methods were used to produce clones. In the first, individual ITS amplicon bands were excised from agarose gels for amplification, cloning and sequencing following PCR amplification from extracted plasmids (Carr et al., 2004) . Colony PCR cloning was used in the second. The first method was used to sequence A. bereziniae ATCC17924 T clones, while both methods were employed in attempts to sequence the variable length ITS copies of A. guillouiae ATCC11171 T . ITS alignments of both strains revealed occasional single nucleotide variants, possibly arising as sequencing artefacts. However, any consistent nucleotide variances among multiple ITS sequences were assumed to reflect true single base polymorphisms. When ITS consensus sequences were generated, these polymorphisms were taken into account by including appropriate degenerate base symbols (see Fig. S1 , available in the online Supplementary Material).
A. bereziniae ITS sequences
The 12 A. bereziniae ATCC17924 T 780 bp-based clones all gave ITS sequences 614 bp long, a length that agrees with that of Chang et al. (2005) for its shortest ITS. These were 99.6 % similar to each other after flank removal. A consensus sequence derived from these was 100 % identical to that of A. bereziniae BCRC15423 T (613 bp) (Fig. S1 ). The 14 A. bereziniae ATCC17924 T 820 bp-based clones sequenced gave ITS sequences that after flank removal were 683 bp and 99.6 % similar to each other. Small ITS sequence variations were carried by multiple clones, again suggesting they were probably not sequencing artefacts. Single, double and treble base pair substitutions were also detected (Figs S1 and S3, degenerate nucleotides are coloured pink). The A. bereziniae ATCC17924 T 683 bp consensus sequence was only 78.3 to 79.3 % similar to the shorter A. bereziniae ATCC17924 T 613 bp ITS consensus sequence ( Fig. S1) .
A. guillouiae ITS sequences
The A. guillouiae ATCC11171 T ITS amplicon electrophoretic pattern showed three bands of approximately 780, 800 and 850 bp including flanks (data not shown). Both cloning methods described above were used and together produced a total of thirty 780 bp ISR-based clones and fourteen 800 bp ITS-based clones. However, despite repeated attempts, no 850 bp ITS-based clones could be generated. The 780 bp-based clones after flank removal all produced 594 bp ITS sequences 99.6 % similar to each other ( Fig. S2) , with multiple clones containing three single nucleotide sequence variations downstream of position 480 (Figs 1 and S2, degenerate nucleotides are coloured pink). An A. guillouiae ATCC11171 T 594 bp ITS consensus sequence was 99.7 % similar to the A. guillouiae BCRC15424 T 593 bp ITS sequence of Chang et al. (2005) (Figs 1 and S1 ).
The fourteen 800 bp-based A. guillouiae clones produced 663 bp ITS sequences 99.5 % similar to each other, with five single nucleotide sequence variations present in multiple clones ( Fig. S2 , degenerate nucleotides are coloured pink). The A. guillouiae ATCC11171 T 663 bp ITS consensus sequence was only 86.9 to 87.4 % similar to the 593 bp A. guillouiae BCRC15424 T ITS sequence described by Chang et al. (2005) , because of the presence of an additional 122 bp region in its 663 bp ITS (Figs 1 and S1). Thus, as with A. bereziniae ATCC17924 T described above, the intra-genomic variation between 594 and 663 bp ITS of A. guillouiae ATCC11171 T arose from the presence of indels in the longer ITS.
Properties of ITS indels in A. bereziniae BCRC15423 T
The A. bereziniae ATCC17924 T 614 bp ITS sequences are 99.8 and 99.3 % similar to those of A. bereziniae strains BCRC15423 T (613 bp) and LMG10600 (614 bp), respectively, and, in the absence of any evidence to suggest otherwise, are assumed here to lack any indels. While the A. bereziniae ATCC17924 T 683 bp ITS copies are only 68 bp longer, their sequences are very different to these (,80 % similarity) ( Figs S1 and S3 ).
This variance does not appear to be caused by a single recombination event involving insertion of any indels into the A. bereziniae ATCC17924 T 683 bp ITS. Instead, BLAST analyses reveal that the A. bereziniae ATCC17924 T 683 bp ITS sequences are nearly identical (99.6 to 100 % similar) to those of the 683 bp ITS of A. baylyi ADPI (Carr et al., 2004) . This strongly suggest the horizontal transfer of an entire 683 bp ITS (labelled 10i/0-1) has occurred between A. baylyi ADP1 and A. bereziniae ATCC17924 T /BCRC15423 T (Figs 1, S1 and S3 ).
Properties of ITS indels in A. guillouiae ATCC11171 T
All the ITS sequences of A. guillouiae strains ATCC11171 T (594 and 663 bp)/BCRC15424 T (593 bp) and LMG10603 (593 bp) contain a 15 bp insert, labelled indel 11i/2-0, within their tRNA-ala genes (Figs 1 and S3 ). BLAST analysis revealed this indel is also present in the tRNA-ala genes in sequences of ITS copies in several other bacterial species, including: Bacillus licheniformis (EF601581); Flavobacterium aquatile (AY753066), Flavobacterium columnare LADL-96-513 (GU079969), Flavobacterium johnsoniae UW101 (CP000685) and Flavobacterium psychrophilum strains JIP02/86 (AM398681) and ATCC49418 (AY757361); Pedobacter heparinus DSM 2366 (CP001681); Psychrobacter arcticus 273-4 (CP000082) and Psychrobacter cryohalolentis K5 (CP000323); Vibrio alginolyticus CMCC17700 (AY245212); Waddlia chondrophila WSU 86-1044 (CP001928) ( Table 1) .
The A. guillouiae ATCC11171 T 663 bp ITS are distinguished from their shorter 594 bp counterparts by the presence of an additional 122 bp insert, containing two indels, labelled here as indels 11i/2-1a and 11i/2-1b (Figs 1  and S2 ). Indel 11i/2-1a (105 bp) is identical in its sequence to a comparable region in the ITS of B. licheniformis (EF601581) (Table 1) strain BL43 identified by 16S rRNA sequencing (EF601577). However, the ITS sequences from the completed whole genome sequence of three B. licheniformis strains [DSM13 (AE017333), ATCC14580 (CP000002), 9945A (CP005965)] were not homologous with that of the 11i/2-1a indel. While the possible origin of indel 11i/2-1b (17 bp) could not be determined (Table 1 , Figs S1 and S2), it is possible its sequence also matches that of an ITS of at least one strain of B. licheniformis (EF601581), since the partial ITS sequence of this strain terminates precisely at the end of indel 11i/2-1a.
Properties of ITS indels in A. baylyi strains
The ITS copies of A. baylyi strains ADPI/B2 are 593/4 and 683/4 bp (Barbe et al., 2004; Carr et al., 2004) (Fig. 1) . However, in their study, Lin et al. (2008) did not state what this length difference was, and nor did they explain why it occurred. It is not possible to determine whether the 593/ 4 bp ITS contains indels, but the 90 bp length difference between it and the 683/4 bp ITS results from the presence of four individual indels in the latter, labelled bay/i2-2abc (123 bp), bay/i5-2 (52 bp), bay/i5-3 (35 bp) and bay/i5-4 (29 bp) (Figs 1 and S1). BLAST analyses showed the closest matching sequences for three of these occur in the ITS of two other Acinetobacter species. Thus, indel bay/i2-2abc is The ITS of A. baylyi strain 93A2 are 629 and 668 bp, and differ from those of A. baylyi strains ADPI/B2 because of three additional indels. The extension to the 593/4 bp length of the A. baylyi 93A2 629 bp ITS copies arises from the replacement of a 155 bp region with that of the 192 bp indel, bay/i5-1, most probably by intra-genomic recombination, as this indel is identical in its sequence to a region in the 93A2 668 bp ITS (Figs 1 and S1) . As a consequence of its origin, indel bay/i5-1 itself contains three indels (bay/ i5-2, bay/i5-3, bay/i5-4) whose attributes were described above ( Table 1 , Figs 1 and S1) .
The A. baylyi strain 93A2 668 bp ITS is also unusual as its length reflects the incorporation of indels bay/i2-1 (19 bp) and bay/i2-3 (19 bp) into the centre of a pre-existing bay/ i2-2abc indel (Figs 1 and S1) . The bay/i2-2abc indel flanks are labelled bay/i2-2a and bay/i2-2c indels (Fig. 1) . BLAST analysis reveals the indel bay/i-2-1 sequence is identical to a region within ITS of A. johnsonii BCRC14853 T , while that of indel bay/i2-3 is 89 % similar to a region within the Aggregatibacter aphrophilus NJ8700 genome (CP001607, position 887 406-887 425) (Table 1, Fig. S1 ).
Thus, A. baylyi strain 93A2 629 and 668 bp ITS appear to contain DNA fragments from five different bacterial species, three of which are other Acinetobacter spp. (Table  1 , Fig. S1 ). These indels vary in length from 15 to 105 bp (Table 1) .
DISCUSSION
This study presents evidence showing that the variable ITS lengths in the A. baylyi, A. bereziniae and A. guillouiae strains examined here are not caused by the accumulation of point mutations. Instead they result from at least 11 intra-genomic recombination and horizontal gene transfer events. These involve the ITS of four other Acinetobacter species and at least three other species from unrelated bacterial genera (Table 1, Figs 1, S1, S2 and S3 ).
The possibility that variable length ITS may result from intra-genomic shuffling of nucleotide blocks has been documented for other bacterial genera (Gürtler, 1999; DContains these indels as they are contained within the 683 bp indel 10i/0-1. dContains only the 47 bp 'a' and 24 bp 'c' flanks of indel bay/i2-2abc (Fig. S1 ). §Only instance of probable intra-genomic recombination. ||Contains these indels as they are contained within the 192 bp indel bay/5-1. Gürtler et al., 2014). However, even though proposed earlier to explain ITS length differences in A. baylyi ADP1 (Carr et al., 2004) , only one of the insertion/deletion events discussed here seems to result from such a process, the incorporation of indel bay/i5-1 (192 bp) into A. baylyi strain 93A2 629 bp ITS (Table 1 , Figs S1 and S3 ). In all other instances, the size of the fragments involved (from 15 to 683 bp) and their high sequence similarities (from 81.4 to 100 %) to regions within, usually, other Acinetobacter species (Table 1) provides compelling evidence that horizontal gene transfer is the main mechanism responsible (Table 1, Figs 1, S1 and S3 ).
Furthermore, the high degree of sequence similarity (.99.5 %) between the 683 bp ISRs of A. bereziniae ATCC17924 T /BCRC15423 T and A. baylyi clearly demonstrates the transfer of a complete ISR between the rrn operons of these two species has occurred (Table 1 , Figs 1, S1 and S3). However, 16S rRNA gene sequence data for A. bereziniae ATCC17924 T and for A. bereziniae BENAB7, A. baylyi ADP1 and A. guillouiae ATCC11171 T (data not given) suggest that the 16S rRNA genes were not transferred too. In particular, a 23 bp region (Escherichia coli position 1430-1453: GTA GTC TAA CCG TAA GGA GGA CGC) present in the 16S rRNA genes of A. bereziniae ATCC17924 T and A. guillouiae ATCC11171 T was absent in that of A. baylyi ADP1 (CTA GCC TAA CTG CAA AGA GGG CGG) (data not shown, accession numbers listed above). This is the first time, to our knowledge, that the lateral transfer of a whole ITS between Acinetobacter species has been reported in the literature. As A. bereziniae and A. baylyi occur in activated sludge plants, ample opportunity exists for the horizontal transfer of genes or gene fragments between them. Of the two species, only A. baylyi is known to be naturally transformable (Vaneechoutte et al., 2006) , which might suggest that A. bereziniae ATCC17924 T was the 683 nt ITS donor. However, that A. bereziniae ATCC17924 T was the recipient of ITS DNA seems equally likely as A. bereziniae BENAB7 lacks a 683 bp ITS, which was detected in the genomes of both A. baylyi strains ADP1/B2 and 93A2, albeit with slightly modified sequences arising from the presence of additional indels in the latter strain (Figs 1, S1 and S3). Nemec et al. (2011) used similar reasoning to suggest the inter-genomic transfer of rpoB genes had occurred from A. guillouiae as the donor into A. baylyi strains C5 and CCM7195.
Like A. bereziniae ATCC17924 T and A. baylyi, the data for A. guillouiae ATCC11171 T suggest its intra-genomic ITS copy sequence variance also results from horizontal gene transfer events ( Table 1 , Figs S2 and S3 ). For example, the ITS of A. guillouiae strains LMG10603 (593 bp), BCRC15424 T (593 bp) and ATCC11171 T (594 bp) each contain indel 11i/ 2-0 (15 bp), while only the 663 bp ITS of strain ATCC11171 T contains indels 11i/2-1a (105 bp) and 11i/2-1b (17 bp) (Figs 1, S1 and S2). While indel 11i/2-0 could have originated from the ITS of several bacterial species (Table 1) , indel 11i/2-1a probably originated from B. licheniformis (EF601581) ITS (Table 1) . Unfortunately, the full extent to which horizontal gene transfer might affect the ITS of A. guillouiae ATCC11171 T was not established, as no success was achieved in sequencing the longest ITS copy in this strain, despite many attempts.
Insertion/deletion events of the type described here have the capacity to invalidate Acinetobacter strain typing protocols based on ITS-targeted probes. False positive identifications will occur where an indel containing a probe target site transfers from the donor strain ITS into that of an unrelated recipient. For example the inter-genomic transfer of the complete 683 bp ITS between the A. baylyi ADP1/B2 and A. bereziniae ATCC17924 T genomes results in the 683 bp ITS of these two species both containing indel 10i/0-1, and being indistinguishable from each other (Figs 1, S1 and S3). Consequently, it is not possible to design a probe that is species-specific for the A. baylyi strains ADP1/B2 683 bp ITS, as it would always misidentify A. bereziniae ATCC17924 T , and possibly other A. bereziniae strains, as A. baylyi. Furthermore, the presence of indel bay/i2-2abc in the 683 bp ITS of both A. baylyi strains ADP1/B2 and A. bereziniae ATCC17924 T provides a second example of how inter-genomic transfer of indels may result in false-positive identifications. A 97 bp region of indel bay/i2-2abc (123 bp) is 88 % similar to a comparable region in the ITS of A. junii BCRC14854 T (C. Maslunka, unpublished) , and contains 23 of 26 bp of the target site for the ostensibly A. junii-targeted probe Ajun5 (Su et al., 2009) , with the 3 nt difference occurring in the middle of the probe target site (Fig. S1 ). Whether probe Ajun5 might partially hybridize with regions in the 683 bp ITS of either A. baylyi strains ADP1/B2 or A. bereziniae ATCC17924 T remains to be tested.
Insertion of indels into the ITS of recipient strains may also mean probe target sites are lost or modified. While an individual ITS copy into which an indel is incorporated would return a false negative, all other ITS copies in such strains lacking this indel would return a positive result (see below). However, a probe target may be lost from all ITS copies and false-negative results would always be returned if, subsequent to incorporation of the indel in one ITS copy, non-reciprocal intra-genomic recombination occurred such that indel copies were incorporated into all the ITS within the genome by the process of concerted evolution (Liao, 2000; Pérez Luz et al., 1998; Stewart & Cavanaugh, 2007) .
Analyses of the A. bereziniae-targeted P-10 probe (Lin et al., 2008) against the ITS sequences of 22 other Acinetobacter species suggest its validity is compromised by indels. While this probe may be specific for A. bereziniae as only the 613-615 bp ITS of the three strains examined here contain its target site (Fig. S1) , the A. bereziniae ATCC17924 T 683 bp ITS is identical to that of A. baylyi ADP1/B2 683 bp ITS, and, thus, lacks this probe target site (Figs 1 and S1) .
A similar examination of the A. guillouiae-targeted P-11 probe (Lin et al., 2008) against the ITS sequences of 22
Acinetobacter species (C. Maslunka, unpublished data) reveals it targets a region so far found only in ITS of the A. guillouiae strains ATCC17924 T /BCRC15424 T and LMG10603 (Fig. S1 ). However, the unique attributes of this target site arise from the presence of indel 11i/2-0, which appears to be common to the ITS of other bacterial species (Table 1) . BLAST analysis of their ITS revealed that the P-11 probe would probably bind successfully in all cases (data not shown). Consequently, not only does this probe target a region susceptible to intra-genomic recombination, it may also misidentify non-Acinetobacter species as A. guillouiae.
While the presence of indel 11i/2-1a does not affect the A. guillouiae-targeted P-11 probe (Lin et al., 2008) , it provides another example of how indels may confuse probe-based identification protocols. Its presence results in A. guillouiae ATCC11171 T 663 bp ITS containing 17 of the 20 nt of the A. lwoffii-targeted P-8 probe target site (Lin et al., 2008) (Fig.  S1 ). Any impact that the longest (so far unsequenced) A. guillouiae ATCC11171 T ITS might have on the specificity of probe P-11 is unknown.
The inherent risks in using ITS sequences as phylogenetic markers for Acinetobacter are illustrated clearly by the data of Kuo et al. (2010) . Their tree ( Fig. 1 in their paper) has been constructed with single variant ITS sequences, seemingly those of the shortest ITS copy from each strain. Tree topology would change markedly if the long ITS of A. baylyi ADP1 or those from A. baylyi 93A2 had been used instead, The same comments apply to A. bereziniae and A. guillouiae, and all species including those Acb complex members that possess multiple variant ITS copies (Maslunka et al., 2014) . Furthermore, Chen et al. (2007) stated that analysing the sequences of either their long or short ITS copies would not result in misidentification of A. baylyi strains. This statement is clearly incongruent from the data presented here, and shows the risks involved in including only a small selection of Acinetobacter species in experiments of this kind. By analysing the ITS copies of A. bereziniae strains this mistake would have been avoided.
The prospect that horizontal gene transfer may be responsible for the variable length ITS of Acinetobacter species is not one that has been explored previously, except with Acb members (Maslunka et al., 2014) . These results demonstrate that such events may affect both those species containing variable length ITS, and those for which only single ITS lengths have been reported (Table 1 , Figs S1, S2 and S3). Clearly, the ITS of more strains of these three species, and other Acinetobacter species, need to be sequenced to determine whether the data presented here reflect a general feature of members of this genus.
